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(54) ELECTRODE ASSEMBLY

(57) An electrode assembly, in which a positive elec-
trode, a separator, and a negative electrode are repeat-
edly stacked, according to the present invention compris-
es: at least two or more positive electrodes which are
stacked in the electrode assembly and each of which has
a structure in which a positive electrode active material
is applied to a surface of a positive electrode collector,
wherein the positive electrode active material contains
nickel, cobalt, and manganese, and a composition ratio
of nickel, cobalt, and manganese in the positive electrode

active material applied to one positive electrode is differ-
ent from that of nickel, cobalt, and manganese in the
positive electrode active material applied to the other
positive electrode.

According to the present invention having the tech-
nical characteristics as described above, the positive
electrodes, in which the positive electrode active material
has the different composition ratios of nickel, cobalt, and
manganese, may be stacked to adequately improve ther-
mal stability and capacity.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of the
priority of Korean Patent Application No.
10-2018-0151259, filed on November 29, 2018, which is
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to an electrode
assembly, and more particularly, to an electrode assem-
bly in which two or more positive electrodes are stacked,
and each positive electrode has a structure in which a
positive electrode active material having a different com-
position ratio is applied to a positive electrode collector
to simultaneously increase in charging/discharging ca-
pacity and thermal stability.

BACKGROUND ART

[0003] Batteries storing electrical energy may be gen-
erally classified into primary batteries and a secondary
batteries. Such a primary battery is a disposable con-
sumable battery. On the other hand, such a secondary
battery is a chargeable battery that is manufactured by
using a material in which oxidation and reduction proc-
esses between current and the material are capable of
being repeated. That is, when the reduction reaction to
the material is performed by the current, power is
charged, and when the oxidation reaction to the material
is performed by the current, power is discharged. Here,
such the charging-discharging are repeatedly performed.
[0004] Among various types of secondary batteries,
lithium secondary batteries are generally manufactured
by mounting an electrode assembly, in which a positive
electrode, a separator, and a negative electrode are
stacked, in a case. Here, as a process, in which lithium
ions are intercalated and deintercalated from lithium met-
al oxide to the negative electrode, is repeated to charge
and discharge the lithium secondary batteries.
[0005] The electrode assembly may be manufactured
so that a positive electrode 1/a separator 3/a negative
electrode 2 are stacked repeatedly. The electrode as-
sembly is accommodated in a can such as a cylindrical
can or a prismatic case. As illustrated in FIG. 1A in which
a side view of the electrode assembly is illustrated, the
positive electrode 1 of the electrode assembly is coated
with a positive electrode active material 1b on both sur-
faces of a positive electrode collector 1a, and the nega-
tive electrode 2 is coated with a negative electrode active
material 2b on both surfaces of the negative electrode
collector 2a. Here, a negative electrode tab 2c and a pos-
itive electrode tab 1c (which are expanded in a state in
which the active materials are not applied) protrude from
the negative electrode collector 2a and the positive elec-
trode collector 1a in the negative electrode 2 and the

positive electrode 1 so that current flows through the neg-
ative electrode tab 2c and the positive electrode tab 1c,
respectively.
[0006] As demands for secondary batteries increase
in fields such as energy storage system (ESS) and elec-
tric vehicles, research and development are being con-
ducted to increase in capacity of secondary batteries.
[0007] As a result, a secondary battery using an NCM
(nickel (Ni), cobalt (Co), and manganese (Mn))-based
positive electrode material has been developed. Howev-
er, the NCM-based secondary battery has a problem that,
when a nickel content relatively increases, the capacity
increases, but the thermal stability decreases, and thus,
the possibility of ignition also increases. FIG. 1b is a graph
illustrating a state in which the thermal stability varies
depending on the nickel content. FIG. 1b(A) illustrates
results of a thermal stability test of the electrode assembly
coated with the positive electrode active material in which
a composition ratio of nickel (Ni), cobalt (Co), and man-
ganese (Mn) is 6:2:2, and FIG. 1b(B) illustrates results
of a thermal stability test of the electrode assembly coat-
ed with the positive electrode active material in which a
composition ratio of nickel (Ni), cobalt (Co), and manga-
nese (Mn) is 8:1:1. The thermal stability test was per-
formed by measuring a temperature change (a vertical
axis) versus time (a horizontal axis) while heating is per-
formed at a temperature of 80°C to 200°C at a rate of
2K/min. It is seen that both the electrode assemblies are
ignited and damaged (at a point at which a cell voltage
[Cell V] is zero; 460 minutes at which the cell voltage is
zero in FIG. 1b(A), and 280 minutes at which the cell
voltage is zero in FIG. 1b(B)), but the ignition more quickly
occurs in the electrode assembly coated with the positive
electrode active material having a composition ratio of
8:1:1 than the electrode assembly coated with the posi-
tive electrode active material having a composition ratio
of 6:2:2. That is, it is seen that the thermal stability is
deteriorated as the nickel content increases.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0008] Accordingly, the present invention is to provide
a secondary battery that is capable of using a positive
electrode active material having a high nickel content so
as to improve capacity as well as thermal stability.

TECHNICAL SOLUTION

[0009] According to the present invention for achieving
the above object, an electrode assembly in which a pos-
itive electrode, a separator, and a negative electrode are
repeatedly stacked comprises: at least two or more pos-
itive electrodes which are stacked in the electrode as-
sembly and each of which has a structure in which a
positive electrode active material is applied to a surface
of a positive electrode collector, wherein the positive
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electrode active material contains nickel, cobalt, and
manganese, and a composition ratio of nickel, cobalt,
and manganese in the positive electrode active material
applied to one positive electrode is different from that of
nickel, cobalt, and manganese in the positive electrode
active material applied to the other positive electrode.
[0010] According to the present invention, the positive
electrode disposed at the relative outside in a stacking
direction of the electrode assembly may be coated with
a positive electrode active material containing a relatively
small amount of manganese and a relative large amount
of nickel, and the positive electrode disposed at the rel-
ative inside in the stacking direction of the electrode as-
sembly may be coated with a positive electrode active
material containing a relatively large amount of manga-
nese and a relative small amount of nickel.
[0011] According to Embodiment 1 of the present in-
vention, the positive electrode disposed at the relative
outside in the stacking direction of the electrode assem-
bly may be coated with a positive electrode active mate-
rial in which nickel, cobalt, and manganese are contained
at a ratio of 8:1:1, and the positive electrode disposed at
the relative inside in the stacking direction of the electrode
assembly may be coated with a positive electrode active
material in which nickel, cobalt, and manganese are con-
tained at a ratio of 1:1:1.
[0012] According to Embodiment 2 of the present in-
vention, the positive electrode disposed at the relative
outside in the stacking direction of the electrode assem-
bly may be coated with a positive electrode active mate-
rial in which nickel, cobalt, and manganese are contained
at a ratio of 6:2:2, and the positive electrode disposed at
the relative inside in the stacking direction of the electrode
assembly may be coated with a positive electrode active
material in which nickel, cobalt, and manganese are con-
tained at a ratio of 1:1:1.
[0013] According to Embodiment 3 of the present in-
vention, the positive electrode disposed at the relative
outside in the stacking direction of the electrode assem-
bly may be coated with a positive electrode active mate-
rial in which nickel, cobalt, and manganese are contained
at a ratio of 8:1:1, and the positive electrode disposed at
the relative inside in the stacking direction of the electrode
assembly may be coated with a positive electrode active
material in which nickel, cobalt, and manganese are con-
tained at a ratio of 6:2:2.
[0014] Also, the electrode assembly may have a struc-
ture in which three or more positive electrodes are
stacked and comprise: one or more positive electrodes
coated with a positive electrode active material in which
nickel, cobalt, and manganese are contained at a ratio
of 1:1:1; one or more positive electrodes coated with a
positive electrode active material in which nickel, cobalt,
and manganese are contained at a ratio of 6:2:2; and
one or more positive electrodes coated with a positive
electrode active material in which nickel, cobalt, and
manganese are contained at a ratio of 8:1:1.
[0015] A positive electrode tab of the positive electrode

coated with the positive electrode active material con-
taining a relatively small amount of manganese and a
relatively large amount of nickel and a positive electrode
tab of the positive electrode coated with the positive elec-
trode active material containing a relatively large amount
of manganese and a relatively small amount of nickel
may be disposed to be separated from each other.
[0016] A negative electrode tab disposed on the neg-
ative electrode in the electrode assembly may be dis-
posed on one side, and the positive electrode tab is dis-
posed on an opposite side, and the positive electrode
tab of the positive electrode coated with the positive elec-
trode active material containing the relatively small
amount of manganese and the relatively large amount
of nickel and the positive electrode tab of the positive
electrode coated with the positive electrode active ma-
terial containing the relatively large amount of manga-
nese and the relatively small amount of nickel may be
disposed to be spaced a predetermined distance from
each other.
[0017] The electrode assembly having the above-de-
scribed technical feature may be embedded in a case to
provide a secondary battery, and the secondary battery
may be provided in plurality, which are electrically con-
nected to each other to provide a secondary battery mod-
ule.

ADVANTAGEOUS EFFECTS

[0018] According to the present invention having the
technical characteristics as described above, the positive
electrodes, in which the positive electrode active material
has the different composition ratios of nickel, cobalt, and
manganese, may be stacked to adequately improve the
thermal stability and the capacity.
[0019] In more detail, the positive electrode active ma-
terial containing a large amount of nickel to realize the
high capacity may be disposed on the positive electrode
disposed on the outside (the degradation may occur due
to the relatively difficult heat dissipation), and the positive
electrode active material containing a small amount of
nickel to increase in thermal stability may be disposed
on the positive electrode disposed on the inside to rela-
tively improve the thermal stability and the capacity when
compared to the case of using any kind of positive elec-
trode.
[0020] Furthermore, the positive electrode tab of the
positive electrode coated with the positive electrode ac-
tive material containing the relatively large amount of
nickel and the positive electrode tab of the positive elec-
trode coated with the positive electrode active material
containing the relatively small amount of nickel may be
disposed to be separated from each other to additionally
reduce the electrical resistance (because the current
flows to be divided).
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1a is a side view of an electrode assembly ac-
cording to a related art.
FIG. 1b is a graph illustrating a state in which thermal
stability varies depending on a nickel content.
FIG. 2a is a side view illustrating an electrode as-
sembly according to a first embodiment of the
present invention.
FIG. 2b is a side view illustrating an electrode as-
sembly according to a second embodiment of the
present invention.
FIG. 2c is a side view illustrating an electrode as-
sembly according to a third embodiment of the
present invention.
FIG. 3 is a plan view of an electrode assembly ac-
cording to the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0022] Hereinafter, preferred embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings in such a manner
that the technical idea of the present invention may easily
be carried out by a person with ordinary skill in the art to
which the invention pertains. The present invention may,
however, be embodied in different forms and should not
be construed as limited to the embodiments set forth
herein.
[0023] In order to clearly illustrate the present inven-
tion, parts that are not related to the description are omit-
ted, and the same or similar components are denoted by
the same reference numerals throughout the specifica-
tion.
[0024] Also, terms or words used in this specification
and claims should not be restrictively interpreted as or-
dinary meanings or dictionary-based meanings, but
should be interpreted as meanings and concepts con-
forming to the scope of the present invention on the basis
of the principle that an inventor can properly define the
concept of a term to describe and explain his or her in-
vention in the best ways.
[0025] The present invention relates to an electrode
assembly in which a positive electrode 10 (10’, 10", and
10’’’), a separator 30, and a negative electrode 20 are
repeatedly stacked. Here, at least two or more positive
electrodes 10 are stacked so that positive electrode ac-
tive materials 10b applied to the positive electrodes 10
have different composition ratios.
[0026] In more detail, in the present invention, the pos-
itive electrode 10 is coated with the positive electrode
active material 10b containing nickel, cobalt, and man-
ganese. Here, a composition ratio of nickel, cobalt, and
manganese in the positive electrode active material 10b
applied to one positive electrode may be different from
that of nickel, cobalt, and manganese in the positive elec-

trode active material 10b applied to the other positive
electrode.
[0027] Furthermore, according to the present inven-
tion, in order to improve thermal stability at an interme-
diate portion at which heat dissipation is difficult, the pos-
itive electrodes 10’ and 10’" disposed at the relative out-
side in a stacking direction of the electrode assembly are
coated with the positive electrode active material (a high
Ni-based active material) containing a relatively small
amount of manganese and a relative large amount of
nickel, and the positive electrode 10" disposed at the rel-
ative inside in the stacking direction of the electrode as-
sembly is coated with the positive electrode active ma-
terial (a low Ni-based active material) containing a rela-
tively large amount of manganese and a relative small
amount of nickel. Here, the amount of nickel is relatively
determined.
[0028] Hereinafter, embodiments of the present inven-
tion will be described in detail with reference to the ac-
companying drawings.

First Embodiment

[0029] Referring to FIG. 2a which illustrates a side view
of an electrode assembly according to a first embodiment
(for reference, although three positive electrodes are
stacked in FIGS. 2a to 2c, three or more positive elec-
trodes may be stacked), the electrode assembly accord-
ing to this embodiment has a structure that is stacked
downward in order of separator 30/positive electrode
10’/separator 30/negative electrode 20/separator
30/positive electrode 10"/separator 30/negative elec-
trode 20/separator 30/positive electrode 10’".
[0030] The negative electrode has a structure in which
a negative electrode active material 20b is applied to both
surfaces of a negative electrode collector 20a, and the
positive electrode 10 (10’, 10", and 10’") has a structure
in which a positive electrode active material 10b is applied
to both surfaces of a positive electrode collector 10a. The
positive electrode active material 10b is manufactured
by containing lithium, cobalt, and manganese. Here, the
positive electrodes disposed at the relative outside in a
stacking direction of the electrode assembly, i.e., the first
positive electrode 10’ and the third positive electrode 10’",
which are disposed downward from an upper side may
have a structure in which nickel, cobalt, and manganese
are contained at a ratio of 8:1:1. On the other hand, the
positive electrode active material 10b of the positive elec-
trode 10" disposed at the relative inside in the stacking
direction of the electrode assembly has a structure in
which nickel, cobalt, and manganese are contained at a
ratio of 1:1:1.

Second Embodiment

[0031] Referring to FIG. 2b which illustrates a side view
of an electrode assembly according to a second embod-
iment, the electrode assembly according to this embod-
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iment has a structure that is stacked downward in order
of separator 30/positive electrode 10’/separator 30/neg-
ative electrode 20/separator 30/positive electrode
10"/separator 30/negative electrode 20/separator
30/positive electrode 10’".
[0032] Similarly, the positive electrode active material
10b is manufactured by containing lithium, cobalt, and
manganese. Here, the positive electrodes disposed at
the relative outside in a stacking direction of the electrode
assembly, i.e., the first positive electrode 10’ and the third
positive electrode 10’", which are disposed downward
from an upper side may have a structure in which nickel,
cobalt, and manganese are contained at a ratio of 8:1:1.
On the other hand, the positive electrode active material
10b of the positive electrode 10" disposed at the relative
inside in the stacking direction of the electrode assembly
has a structure in which nickel, cobalt, and manganese
are contained at a ratio of 6:2:2.
[0033] The electrode assembly according to this em-
bodiment has a configuration that focuses on increasing
capacity rather than thermal stability because a nickel
content of the electrode assembly according to this em-
bodiment is slightly less than that of the electrode as-
sembly according to the first embodiment.

Third Embodiment

[0034] Referring to FIG. 2c which illustrates a side view
of an electrode assembly according to a third embodi-
ment, the electrode assembly according to this embodi-
ment has a structure that is stacked downward in order
of separator 30/positive electrode 10’/separator 30/neg-
ative electrode 20/separator 30/positive electrode
10"/separator 30/negative electrode 20/separator
30/positive electrode 10’".
[0035] Similarly, the positive electrode active material
10b is manufactured by containing lithium, cobalt, and
manganese. Here, the positive electrodes disposed at
the relatively outside in a stacking direction of the elec-
trode assembly, i.e., the first positive electrode 10’ and
the third positive electrode 10’", which are disposed
downward from an upper side may have a structure in
which nickel, cobalt, and manganese are contained at a
ratio of 6:2:2. On the other hand, the positive electrode
active material 10b of the positive electrode 10" disposed
at the relatively inside in the stacking direction of the elec-
trode assembly has a structure in which nickel, cobalt,
and manganese are contained at a ratio of 1:1:1.
[0036] The electrode assembly according to this em-
bodiment has a configuration that focuses on increasing
thermal stability rather than capacity because a nickel
content of the electrode assembly according to this em-
bodiment is less than that of the electrode assembly ac-
cording to each of the first and second embodiments.
[0037] For reference, in the electrode assembly ac-
cording to the present invention, three or more positive
electrodes may be stacked. Thus, three kinds of positive
electrodes having different compositions of nickel, co-

balt, and manganese may be stacked.
[0038] In this case, it is preferable that the positive elec-
trode coated with the positive electrode active material
having a low nickel content is disposed at the inside in
which heat dissipation is relatively difficult, and the pos-
itive electrode coated with the positive electrode active
material having a high nickel content is disposed at the
outside in which the heat dissipation is relatively easy.
For example, it is assumed that five positive electrodes
are stacked downward from the upper side, positive elec-
trodes coated with the positive electrode active material
in which nickel, cobalt, and manganese are contained at
a ratio of 8:1:1 may be respectively provided as first and
fifth positive electrodes that are the outermost positive
electrodes, positive electrodes coated with the positive
electrode active material in which nickel, cobalt, and
manganese are contained at a ratio of 6:2:2 may be pro-
vided as second and fourth positive electrodes, and a
positive electrode coated with the positive electrode ac-
tive material in which nickel, cobalt, and manganese are
contained at a ratio of 1:1:1 may be provided as a third
positive electrode (having relatively the lowest nickel con-
tent).
[0039] In the electrode assembly configured as de-
scribed above, it is preferable that the positive electrodes
10 having the same composition ratio are electrically con-
nected to each other. That is, since electrical conductivity
of the positive electrode active material 10b are changed
also as the composition ratio varies, it is preferable that
the positive electrodes having different composition ra-
tios are disposed to be separated from each other. When
the positive electrode tabs are divided according to the
composition ratios, current may flow to be divided. Thus,
cell damage may be minimized to increase in lifespan of
the battery. Also, the positive electrode having relatively
high thermal stability may be charged by applying high
current, and the positive electrode having relatively low
thermal stability may be charged by applying low current.
[0040] Referring to FIG. 3, which illustrates a plan view
of the electrode assembly according to the present in-
vention, a positive electrode tab 10c’ of a first positive
electrode 10’ and a positive electrode tab of a third pos-
itive electrode 10a’", which have the same composition
ratio, may be bonded and connected to each other. On
the other hand, a positive electrode tab 10c" of the second
positive electrode 10" and a positive electrode tab 10c’
of the first positive electrode 10’, which have different
composition ratios, may be disposed to be spaced apart
from each other. Here, since the negative electrode tab
20c disposed on the negative electrode 20 in the elec-
trode assembly is disposed on one side, the positive elec-
trode tabs are disposed at intervals on the same side of
an opposite side.
[0041] According to the present invention having the
technical characteristics as described above, the positive
electrodes, in which the positive electrode active material
10b has the different composition ratios of nickel, cobalt,
and manganese, may be stacked to adequately improve
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the thermal stability and the capacity.
[0042] In more detail, the positive electrode active ma-
terial containing a large amount of nickel to realize the
high capacity may be disposed on the positive electrode
disposed on the outside (the degradation may occur due
to the relatively difficult heat dissipation), and the positive
electrode active material containing a small amount of
nickel to increase in thermal stability may be disposed
on the positive electrode disposed on the inside to rela-
tively improve the thermal stability and the capacity when
compared to the case of using any kind of positive elec-
trode.
[0043] Furthermore, the positive electrode tab of the
positive electrode coated with the positive electrode ac-
tive material containing the relatively large amount of
nickel and the positive electrode tab of the positive elec-
trode coated with the positive electrode active material
containing the relatively small amount of nickel may be
disposed to be separated from each other to additionally
reduce the electrical resistance (because the current
flows to be divided).
[0044] The electrode assembly having the above-de-
scribed technical feature may be embedded in a case to
provide a secondary battery, and a plurality of secondary
batteries may be electrically connected to provide a sec-
ondary battery module.
[0045] While the embodiments of the present invention
have been described with reference to the specific em-
bodiments, it will be apparent to those skilled in the art
that various changes and modifications may be made
without departing from the spirit and scope of the inven-
tion as defined in the following claims.

Claims

1. An electrode assembly in which a positive electrode,
a separator, and a negative electrode are repeatedly
stacked, the electrode assembly comprises:

at least two or more positive electrodes which
are stacked in the electrode assembly and each
of which has a structure in which a positive elec-
trode active material is applied to a surface of a
positive electrode collector,
wherein the positive electrode active material
contains nickel, cobalt, and manganese, and
a composition ratio of nickel, cobalt, and man-
ganese in the positive electrode active material
applied to one positive electrode is different from
that of nickel, cobalt, and manganese in the pos-
itive electrode active material applied to the oth-
er positive electrode.

2. The electrode assembly of claim 1, wherein the pos-
itive electrode disposed at the relative outside in a
stacking direction of the electrode assembly is coat-
ed with a positive electrode active material contain-

ing a relatively small amount of manganese and a
relative large amount of nickel, and
the positive electrode disposed at the relative inside
in the stacking direction of the electrode assembly
is coated with a positive electrode active material
containing a relatively large amount of manganese
and a relative small amount of nickel.

3. The electrode assembly of claim 2, wherein the pos-
itive electrode disposed at the relative outside in the
stacking direction of the electrode assembly is coat-
ed with a positive electrode active material in which
nickel, cobalt, and manganese are contained at a
ratio of 8:1:1, and
the positive electrode disposed at the relative inside
in the stacking direction of the electrode assembly
is coated with a positive electrode active material in
which nickel, cobalt, and manganese are contained
at a ratio of 1:1:1.

4. The electrode assembly of claim 2, wherein the pos-
itive electrode disposed at the relative outside in the
stacking direction of the electrode assembly is coat-
ed with a positive electrode active material in which
nickel, cobalt, and manganese are contained at a
ratio of 8:1:1, and
the positive electrode disposed at the relative inside
in the stacking direction of the electrode assembly
is coated with a positive electrode active material in
which nickel, cobalt, and manganese are contained
at a ratio of 6:2:2.

5. The electrode assembly of claim 2, wherein the pos-
itive electrode disposed at the relative outside in the
stacking direction of the electrode assembly is coat-
ed with a positive electrode active material in which
nickel, cobalt, and manganese are contained at a
ratio of 6:2:2, and
the positive electrode disposed at the relative inside
in the stacking direction of the electrode assembly
is coated with a positive electrode active material in
which nickel, cobalt, and manganese are contained
at a ratio of 1:1:1.

6. The electrode assembly of claim 2, wherein the elec-
trode assembly has a structure in which three or
more positive electrodes are stacked and comprises:
one or more positive electrodes coated with a posi-
tive electrode active material in which nickel, cobalt,
and manganese are contained at a ratio of 1:1:1; one
or more positive electrodes coated with a positive
electrode active material in which nickel, cobalt, and
manganese are contained at a ratio of 6:2:2; and one
or more positive electrodes coated with a positive
electrode active material in which nickel, cobalt, and
manganese are contained at a ratio of 8:1:1.

7. The electrode assembly of claim 2, wherein a posi-
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tive electrode tab of the positive electrode coated
with the positive electrode active material containing
a relatively small amount of manganese and a rela-
tively large amount of nickel and a positive electrode
tab of the positive electrode coated with the positive
electrode active material containing a relatively large
amount of manganese and a relatively small amount
of nickel are disposed to be separated from each
other.

8. The electrode assembly of claim 7, wherein a neg-
ative electrode tab disposed on the negative elec-
trode in the electrode assembly is disposed on one
side, and the positive electrode tab is disposed on
an opposite side, and
the positive electrode tab of the positive electrode
coated with the positive electrode active material
containing the relatively small amount of manganese
and the relatively large amount of nickel and the pos-
itive electrode tab of the positive electrode coated
with the positive electrode active material containing
the relatively large amount of manganese and the
relatively small amount of nickel are disposed to be
spaced a predetermined distance from each other.

9. A secondary battery in which the electrode assembly
of any one of claims 1 to 8 is embedded in a case.

10. A secondary battery module in which the secondary
battery of claim 9 is provided in plurality, which are
electrically connected to each other.

11 12 
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